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OfllCAL AND ELECTRICAL INVESTIGATIONS INTO
CATIIODE lGNITfON AND DICDE CLOSURE

J J Cmgsn, E.A. Rose, and R P Shuncr

[ms Alarnc6 Natiomd btmams-v
Pulsed Power Systems Group, %1St525

IRS Alarms. NM 87545

Abstraa

A mrrsbinatio+s ofopticd and Clcrrncaf diagnostics has been
freldcd on the Electron Beam TCSI Facility 10 smdy ignition and clo-
sure In large area clccmon bc~m dicdcs. A four-channel frarmsg
cmncra is used to observe Ihc formation of microplasrnas cm IIW sur-
face of [he cahafe and *C subscqucm movement of rhcsc plIsrrxM
Ioward tic mode. Addiuonally, a pcrvcance rrdcl is used 10
cxr.mcI miornu[iors Ibow Ihls plasma from vol[figc and cur-rem prm
filc~. Results from [he IWO diagnostics arc compared. Closure
vclm-ity rncmummcnts arc prcscmcd showing linlc dcpcndancc on
appl Icd magncuc fickl for kmti welvc[ and carkm fell cmilfcrs we
alm reporl [he first ob.scrwticm of dvcwv’ccnillg ciffll In Iaqe area
cold umhmlc di(dcs.

jntrodut yicvj

“Ilc lcm~msl hchisvi(lr of high-puwcr dImfcs I> UIOWIY rclJIcd
I(J [he Impedm(c collapw L.JIZWd by Ihc Imwcmcm of [he cathode
:irvd/{wanode plmrims. Thif IIIIIWLUWC coll~psc rim hc cqmvally
pr(,l]lem~lic when J COnSIiIC.I power clccumn bcwn is required, Ibis

Ii IIIC c’me for [he very Iargc wca (+uarc mcIcrs) dimles uwd 10
pump the wnphficm wirhm the Aurora KrF laser syslcm [ l]. The
c lc~mm lxam mchnology dc~clupmcnl program m LAS A1wnos uri -
IIICS the Eltmwnn Beam TCSI Faclllry [2] (EGW) 10 sIudy dicxic
phyjlc> m an uncmpl 10 fxncr undcnmnd tic brisic phcnorrmology
III Igmmrn MILI closurr, A combinmmrr of op[icaJ and clcctncaf diag.
nm[lcs hm been fielded m a wudy of LIVCf(mnalion WKJcxpa.nsias of
ua!hm.lc plasmas.

Irl [he slandard nticl [3]. microwopic surfm”c fcausrcs, or
whlthcm, on he cmhcdc enhance Ihc applied clccuic field and a
\rahlc field cnussion IS Imuald. llw rcsuhirrg currcnsa quickJy heal
[t,. whl>kcr> lhrsmgh ohmic heating and dsc whisficr lips CXPIIX!C.
llsc Indlvlduat nmxwplasn~s rhu~ forrmf rhen cxpard and rswge,
~.rcallrrg a dwads Ihat mrvem IJVCentire surfircc n( Ihc cakxfc. Thc
l,~w ~t)lk furwmn of Ihc plir$ma a!lows fa cfflacnl cmiswon of
clciu(mi mm the gap kwccn Ihc armde and cadmdc. Ilsc Iod cur.
rent IS Ihcn lInuIcd by qxwe charge cffccls,

“IIIc c ~pmsivm of the calhdc plasma dr~s rnsssmp smtc II has
cwvcrnl Ihc cmilling surfacw, llvc surface of du fvlama commucs 50
nmvc nul (rem [he cmlmrje lowsrd k MA. Tftis rcsulls in a cd.

lapu t>f rhc dimfe impcdaswc m sheefkrivc clccsnxlc gap is
reduced. Eventually the plwrra f:~ml ruchcs the mmsfc, shurrmg
Ik dItxle, and no nmrc puwcr can he exrz-acml. In Iargearca
IhIdcs, a magrtaic field ISnflcn applwcf to countcrad the pmchmg of
Ihc rlc~wrm hcnrrr caused by IIS own magnetic field. Self. and
●lI@cd fichh inkj vmlimally and the clmvnms f{dlow the rcwlrarat
Iicld Ilnc$

I?IC ~wrvcance rmalcl O( Parker [4] can k uwd 10cakulatc
Ihc CIICCIIVC !nhrr clccmxlc gap lhnrughow Ihc diwharge Ilw IIMaJ
uurmII, 1, fl{lwlng umms a qmcc charge Immrti dI~~lc IS glvcn by
IIIC (armllar ( ?IIld I ms~muw cquatmrss:

I 1’ “[J1/7, ●nd 1’- (h ‘ A)/1)~ (1)

w IIFIF 1’ I\ IIIC prrvcan~cm [1 Ilrc VCIIIaXFacIIIss IIW II IIXI?, 1) ~h~
rlfr(llvc g,l~!, A lhc (Jttl!dc Ctmlllng alra ,sIld h - ? \ I

10 ~ aIIlpV/VIIIIl~ I lwn~ nwawmf vnllagc mkl i’mlcnl valut~,
Itww rilualllmi ( ,SIIh udvcd f!~ I)(I) IIIC gap thimgcf wllh IIIIW
JIM! l\ Ilhhkkd a\ (({, V ●I) whrrr IL I\ IIIC Inlrlal dlilam r lUIWrCII

Ihr ,1111●% ,s1111{ .vIhlmlc AN r\ ;llld v, Ii lllr rlpflnmm Vrhn Ily 01

Itlc I .Iltllmlt pl,lma, L irllnf Illf I ;Ilwlr Wl(Klly

Calcufalions have kn pcrfcx?ncd at Los Alarms on lmh Ihc
Electron Gun TCSI Facility (EGTF) and hrgc AfRrrurc Mrdulc
(1 AM) [5] wrd by orfrcrs elsewhere. Typical vaJucs fcw Vt r~nge
from I 106 cnVps. llcsc mcasurcmcms have dcmonsrmccf Ihw Vc
remains fairly cons[am dwcrughoul dre discharge.

For e-barn machines widr a pulse widrh grcmcr rhn 250-ns
closure effects am slgnificarvt. For a reasonable rrwch so Ihc pulse.
power driving ci.rcuioy, ansxk-cahdc gaps rypic4Jly mngc from 3
10 10 cm This places an absoluic upper limil on Ihc useful cxlmc -
Iicrrvtime for any clcarcrn barn of around 5 ps. In praclicc, [his
Iimil is rarely appmachcd M rfvcimpedance oflhc dimlc rqw.fly Lml-
lapscs because LISCeffective gap darcascs. llsis inmwfuccs wvcrc
sn-css, nol only on she pulw. power sys[cm irsclf bu[ also on d-w
design of any supprr struwrrcs near tie beam, such as Ihc vmwum
bamicr Mwccn rhc didc and wharcvcr largcl is being cxuIIcd. The
iqmlmcc colhpw aJsoforces ci[hcr a subsmmial mmzsw in uurrcru
wdbr dccrcku in volragc of dve CICCITWIham, which rcdu(”cs Ihc
usefulness of she system. (lrsurc rivfcshave liulc cffccl on [he per.
forrrmncc of shorl pulw syslcms. bul ignilion &lays md unlftlrml[y
Iimi[ Ihc efficacy of Ihcsc devices bxirusc Ihc lgrutmn unx IS a sub.
smruial fraclion of Iohd pulse Icngrh and kwalizcd hnt spIm can k
formed.

TIw EGIT prmjuces a 400k~V elccsrun &am wilh a pulse
Iengih of 0.2 IO 2 ps. Currcru densities of 75 AJcm2 can lx pro-
duced from an cmining surf-cc of around 2(N cm2. A sapped wmr
rcsisux volusge divider and Rogowsti coil arc used 10 nwwmc Itv
bushing voltage and diaJc curmw Voflage and current probe sig.
nals arc digitized al a rasc of ICK)M21z and uc pxeswd using
ASYST dais mxprisidsm software. Gxrcctkcms arc mark frx bush-
ing indurxsrscx on tic :m.hage waveform sobCIM apprtmirrrmc rhc
umc cathndc prservtid, koguwski signals can Ix dircctfy ohcr-vcd
or inlcgratcd,

Two cmhxk gcomclries h~vc Lmcnstudied. A Chang prufile
[6] prrxhtces Iinle unwanud dgc emission btn compficascs Ixjth op.
li~.al mcm.trclrmls and elccrricrd mmfclirrg due to its curwcd sham,
A phnar crnkrscr,[~ smulw sizf, simplifies dala analysls but IS more
susccptibk 10 edge effects. F@rrc I shows Ihc msuhs of field ual-
culasicms fsx lxxh gemrrcsries performed with a Surrm slamm and
1.1.(JX 2[1 softwme. Radiachnnrric insagcs of beam prufilcs dww
sfsatcareful assembly rcsulIs in Iiulc w no halo efftxt using Ifre pla.
nar cmiltcr. Bosh velvcl ard carbrr fell cmiucn have kn milalled
rm cwh of Ihc cahrxks.

Chano Proflh



The hmsr<hanncl fhrrung camera was rm.nufacmrwl by
EG&G IS imcrfacoj wmh a S[anford Rewarh IX535 digisal
dclay;pulw gencracr. Each channel is csscnnzdly a stparatc camera
m-d lhc shuncr lime (5 - lfll ns), gain (up 10 l(X)OX), and uigger
delay (O ns -0.99 s) can be set indcpcnderwly. The cxpcnmcnd

scIup IS shown in Fig. 2. Viewpons allow bxh side and from
views of [he cathode eminer. Frtxrr the side. phonographs show rhc
cxparrsm+rof a lurrunous plasma shccl from rhc cmhodc toward Ihc
asdc. The Iirnc &Ioys bctwccn cxpurcs allow a srm.ighrfomvard
calculation of the expansion vclmily of Ihc luminous from. The
fronl mw “.hews Ihc spatml disrribuuon of cmirung silts 0,1 Ihc sur-
face of Ihc cwhdc.

Ilg 2 %Iwmirllc duumg armngcmcm of Jimic and diagnostics.
VIcWpIs allow fmrnmg camera plmogsii m lx taken wirh srdcor
[rum }ICI.VSof cwho&.

Rwll$
llIr pcrwcancc nxxlcl of Parker can gcrwratc very uwful mea.

wrenmm t}f [he plmma rrMNIca wllhin Osedidc and. If properly
JpplIrd, [he dynamics of c.beam transpart. Ilowcvcr, tic rwo
cffcuI\ w-cvhfficuh to dccmrplc. Ilcam rs-ans~ phcnomcrrcrn such
~s crIIImrcc and hcam plmhing can be misimcrpmed as simple CIO
wire cffcl.(s h muw he rcmmbercd that m i:~. ( 1) rmt only do the
tIIII.IgC. curmrri, and gtip change wllh IImC lru I alu) the cmiiiing
.rrra. I(sr lhl} rraum wc rrfcr 10 the calcul,IIcd gap as ,IIU cffccwve
gJp

SIII fwc ~xmlamnlamrn can alw affca nrcasurcnmms of uk}
we vcl~~tlly. Vacuum d, grcaw, and any hcr wshssarrccon rhc
mr-f~-c ~jf [he calhmfc wdl k vapm?~ and prducc additional
plawna The chssurt vchwilles nrasurcd just after rcaswmhly arc
much l~rgcr ltran those nn Ialcr shots, Scc Fig, 1, llsc impunnes
prldu~-c a whlarsual incrclw m clnswt vch~itles fur all Ilu callHrdc
nlalcnd\ used

Tlmo (25P n$dlv) Time (250 rwdlv)

Chum velcriry cakrrlalimrs using dscpcmca.ncc rmxlcl
dcmbcd above arc Corrsistcnl wllh Aim rmasurcrrmrrs wlxn
rndcs[ B-fields arc applmd [7,8]. Yet rcccnl data, shown in
Fig. 4. using both profiled and planar cmlrrers show Iilllc If any
dcpm-uhwc of applial B-field on closure vclixllics. The very low
closure vckxiots rcponcd in [8] for profiled cmlners, wllh applmd
fields less than 1 kG, an nos seen here. II is possItdc [hal beam
mtrrspon CITCCLSswcrrspnsiblc for he Iowcr VJIUCSrcponcd previ-
ously,
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A&4irional insight can b gainedby ctmlparing rhc prcIiIcIcd
gap assuming an ideal mutter wilh rlm csdculamf frrwrrrr~asurui
volragc and cusmsl wavefmrrss. WYscnthe cfTcctivc gap and a gap
c-alcukucd assuming munifmrr plasma r.mvcring Ihc cnlim calh(rrk
and nmwng with a COSMIASSIclosure vchmty arc compared 19]. he
miiial paid of large cfkuivc gap is inlcrpmcd as the Iilm required
for Ihc mimoplasmas sssfmn s ~hcalh over the uaihmfc, This IS
rcferr?d 10 as he ignition tirrw. Figure 5 cmnpams shecalculated
cffccnve gap for a C’hang profile cdswk wilh DOapplied fl.field 10
he idcalimf D(l), TIw ignition tirr~ is around I(XI ns. lhc divcr-
gcrwc of he IW lines rrcar I*WI ns, nok war when a guide field IS
applitd, is cvmsisrcnt wilh he smw~ of beam pinching. Ahhtnsgh [hc
plnsnm conlinucs m capami toward the mdc, she rltimwr flow is
c{m$traind 10 a smaller mn$- sccti[mal area, ‘[he rmllwmm m A m
Iii (1) rcwrlm in an ovcrc}tlmistion ol [he grip. In lhlt work, Ihc
cltmm vchmfy II derived fnnn a lmcar fII II) Ihc dms ~mmII\ lrfImr

the cflmm of kam pinch arc Ithwrvmf
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Fig, 5. Pfol showing W calculatedcffcclivc gap using a Chang pmfrlc
cdmdc witi rm a@icd field. l%c CITCLVof tram puwfsmgcan lx
observed.

ncdr Ik cafdc surround.

Time (250 ns.”dlv)

FIg 6 PIOI shrwmg elfrcl of surface slruclurc on c(fccuve gap [or IWO
l}ps or VCIW

Phorogr~plls obhlned wuh a 40-ns rrarsing speed arc shown
m Fig, 7. Ilc view is flurn the side WIIJS[he calhcdc below and Ihc
imdc above. Clowrc VCIOUIIICSarc ubfaincd by mcasunng ~hc
wdrh or lhc luminous hands II wvcml ME delays. A summary of
Ihc dala obtairrcd using borh optical and electrical diagrratics is
jhown In Fig, N.

[~mci nrmurcnwsr-s ylcld ovmdl clowwc VCI(XNICS lower
Ihnn clrumuaf nwmurcmcrrts, [n thli work agrccnwm was ohwrwcd
car1) m Ihc pulw tmwccrr upmxl and clccmcal nwawrcmcms as has
tmcn wcn In shurr frulw ~yslcms [4], l%c divcrgcncc, al Lucr Iirrws,
hclwccn (rpwsl and Clmw-sealClourrc sales can IX Cxplainmf in =v-
crtil ways. I:im[, If Ihc plwlla cxpamkf w IIMI ILSdensity near rhc
crmmng wfacc WLSmuch Iwcr lhan Shal rrcar she cakrdc, rhc flu-
mcwcnce mlcrwlry could k hclow hc capabilities d rk am.
Secondly. the plasma spelcs pmscm rmar she cmilling surfauc may
Ik diffcrcm rhan dsac mar Ihc carhcdc and Ihcw flurn-mc may
nus k within Ihc smml range of rhc carwa. In aluminum multi.
carhmfc sfmt vacuum WCS,dlffcrcmcs in lhc populaliwr of firw SNI
WIimd l~mlt~lilm Icvcls have Ircn obwrvcd m rhangc as a furwtinn
l~f dlmmt fnrm hc cnthdc I I I ]. And Itmdly, lIK plmma cnpan -
Wm r~lc ctnild t hangc WIUI unw M{IIC a~tiuralc and wnulivc lwh-
IINiuc\, wlch as Planar I.awr lnducmi l-l)(lrrtrcncc [ 12] ~l’l.ll:),
di(mld hr able ICJrrudvc Ihcw url~crramlics.

r ~~
5 – Planar Velvet Caltscdo

● OpIlcal (600 ns avorqo)

4 0 OpIlcal (Ilrst 400 ns)
OCalculated from V and I
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fig, 8 ~ompariwrn of dosurc mIcs, rsfcula[cd using measured clcctrrcal
waveforms and Imncrcwlved #nMsgraphy,
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Fig, 1I, Plu strewing currcru wavefomn for a planar VCIVC[cahmfc at an
applied B-field O( 2 kCJ, SoJid ~inu arc k pducs O( IJU numtx, of
observed emission si[es and a value of 10 am~ilc.
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